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Description 

Technical field 

The present fnvention relates generally to 
radiation concentrators and more particularly to 
point focus radiation concentrators using 
crossed linear Fresnel lens. The present inven- 
tion relates even more partlculaily to radiation 
concentrators utilized for concentrating solar 
radiation. 

Background art 

Fresnel lens (echelon lens) are well known 
and are known to be useful to replace conven- 
tional lenses for focusing or refracting radia- 
tioa Fresnel lenses can be either annular 
echelon lenses or Unear echelon lenses. 

Annular echelon lenses (surfaces) can be 
used quite well to point focus radiation. Such an 
annular echelon surface has a high focusing 
accuracy; however, the size of annular echelon 
surfaces are limited. Due to the necessity of 
having a machine, a ruling engine, to cut the 
master surface as large as the surface being 
produced, in order to have a three-unit dia- 
meter annular echelon lens, it would be neces- 
sary to have a ruling engine capable of cutting 
the master having a size of at least three units 
in diameter. Since the maximum size of the 
ruling engine Is practically limited, the size of 
the resulting annular echelon surface Is also 
limited. 

Normally a linear echelon surface is used for 
line focusing. When two linear echelon sur- 
faces are crosspd (oriented) at 90 degrees with 
respect to each other, the combination approxi- 
mates an annular echelon lens. Incident radia- 
tion along the orthogonal meridians of each 
linear echelon sur^ce can be made to con- 
verge quite well to a point focus. The advan- 
tage in using linear echelon surfaces is that very 
large concentrating arrays can be fomned by the 
matrix sectioning of the radiation concentrator 
into individual linear echelon surfaces. This 
matrix sectioning is shown by US — A — 
4,108,540, Anderson et al, entitied Refractor- 
Reflector Radiation Concentrator, assigned to 
the same assignee as the present invention. 

Crossed linear echelon surfaces, however, 
suffer the disadvantage that while radiation 
incident along the orthogonal meridians con- 
verge, radiation incident away from these 
meridians, for example, radiation incident at a 
comer of the crossed linear echelon surfaces, 
will not converge. In fact, this focusing devia- 
tion is at its maximum for radiation incident at a 
comer of the crossed linear echelon surfaces. 
The inability of crossed linear echelon surfaces 
to focus all incident radiation to a point is called 
"crossed-cylinder aberration." This crossed- 
cylinder aberration Is illustrated in US— A— 
4,118,114, Anderson et al, entitied Improved 
Low-Glare Overhead Projector, also assigned to 
the assignee of the present invention. Thus, 
while radiation concentrators using crossed 



linear echelon surfaces can be made very large, 
the efficiency of a given array Is limited to a 
value substantially less than that possible 
without any crossed cylinder aberration, 

5 The efficiency of radiation concentrators, and 
in particular, solar concentrators, can be judged 
by measuring the radius around the point of 
focus of the radiation concentrator where 95% 
of all incident radiation will be focussed. This 

to radius is known as the 95% energy contain- 
ment radius, R^ The smaller the the better 
and more efficient the radiation concentrator. 
Anotiier number utilized to judge the effidency 
of radiation concentrators is a number known 

fs as the geometric concentration ratio, GCR. The 
geometric concentration ratio may be cal- 
culated from the 95% energy containment 
radius by multiplying the length and width of 
the radiation concentrator and dividing that by 

20 pi times the 95% energy containment radius 
squared, tn equation form, the geometric con- 
centration ratio can be calculated as follows: 

length X width 
25 GCR= — 

Traditional radiation concentrators utilizing 
crossed linear echelon surfaces typically have a 

30 geometric concentration ratio of less than 100. 
For a radiation concentrator having a length and 
a width of approximately 1 2 units and a focal 
distance of approximately 12 units, the 
value is typically on the order of or greater than 

35 one unit 

There is desired a point focus radiation con- 
centrator, particulariy for solar radiation, which 
provides the focusing accuracy (efficiency) of an 
annular echelon lens with the large size 

4o capability of a lens using crossed linear echeton 
surfaces. 

Disclosure of invention 
A point focus radiation concentrator has two 

45 linear echelon surfaces crossed at approxi- 
mately 90 degrees with the two linear echelon 
surfaces having a generally cylindrical shape 
with a radius of curvature approximately equal 
to the fbcal/dlstance of the radiation oon- 

50 centrator. 

In one embodiment, a concentrator is used 
for refracting Incident radiation to a point focus. 
A first linear echelon surface Is used having a 
plurality of linear echelon elements and having 

55 an axis parallel to the plurality of linear echelon 
elements. A second linear echelon surface is 
also utilized having a plurality of linear echelon 
elements and having an axis parallel to the 
plurality of linear echelon elements. The axis of 

50 the first linear echelon surface Is oriented at 
approximately 90 degrees to the axis of the 
second linear echelon surface. Further, the first 
and second linear echelon surfaces are cun/ed 
in one direction about the axis of the first linear 

55 echelon surface with a radius of curvature 
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approximately equal to the focal distance of the 
concentrator. Each of the plurality of linear 
echelon elements of the first linear echelon 
surfece Is Individually oriented to refract to the 
point focus all of the radiation incident along a 
curved segment orthogonal to and intersecting 
the axis of the first linear echelon surface at a 
center point drawn parallel to the radiation from 
the point focus. Further, each of the plurality of 
linear echelon elements of the second linear 
echelon surface is individually oriented to 
refract to the point focus all of the radiation 
incident along a line orthogonal to and inter- 
secting the axis of the second linear echelon 
surface at the center point Constructed in this 
manner, all of the solar radiation Incident on the 
solar concentrator Is refracted to an area near 
the point focus. 

The two linear echelon surfaces may be 
formed on facing sides of two separate sheets 
or may be formed on opposite sides of a single 
sheet 

The concentrator may be formed with the 
angle of orientation of each of the plurality of 
linear echelon elements of the first linear 
echelon surface completely independent of the 
angle of the orientation of the corresponding 
linear echelon element of the plurality of linear 
echelon elements of the second linear echelon 
surface. Altematively, cost savings may be 
obtained and little efficiency lost by making the 
angle of the orientation of each of the plurality 
of linear echelon elements of the first linear 
echelon surface equal to the angle of the 
orientation of the corresponding linear echelon 
element of the plurality of linear echelon ele- 
ments of the second linear echelon surfoce for a 
portion of the distance away from the center 
point of the concentrator toward the edge of the 
concentrator. 

The concentrator may be constructed where 
the cross section of the first and second linear 
echelon surface taken orthogonal to the axis of 
the first linear echelon surface Is circular. 
Altematively, a concentrator may be con- 
structed where that cross section is parabolic, 
hyderbolic or ellipsoid. 

With the cun/ature of the linear echelon sur- 
faces of the concentrator, with the radius of 
curvature which approximates the focal 
distance of the concentrator, the "crossed- 
cylinder aberration" unexpectedly disappears. 
This remarkable characteristic is even more un- 
expected in that a simple one-directional curva- 
ture is all that is required to eliminate the 
crossed-cyllnder aberration. It is not even 
necessary to have a two directional curvature, 
e.g., spheroid. 

With the curvature of the linear echelon sur- 
faces, radiation incident on the solar con- 
centrator at any point on its surface is refracted 
to the point focus. This is contrasted with the 
planar crossed linear echelon surfaces where 
radiation incident only along the orthogonal 
meridians converge. 



With complete convergence of the incident 
radiation, the efficiency of the concentrator is 
greatiy improved With a radius of curvature 
approximately equal to the focal distance, a 

5 theoretical geometric concentration ratio 
approximates 450,000 and with the same con- 
centrator dimensions as used for the example of 
the planar crossed linear echelon surfaces, a 
95% radiation concentration radius is shown to 

fo be approximately 0.01 units. Thus, the 
improved concentrator of the present invention 
increases the theoretical geometric concentra- 
tion ratio from less than 100 to approximately 
450,000. Likewise, it has lowered the 95% 

ts energy containment radius from approximately 
one unit to approximately 0.01 unit These 
improvements in efficiency are improvements 
of several magnitudes and result in a greatly 
more efficient concentrator. 

20 

Brief description of drawings 

The foregoing advantages, construction and 
operation of the present Invention will become 
more readily apparent from tiie following 
25 description and accompanying drawings in 
which: 

Figure 1 Is a prior art isometric view of a con- 
centrator utilizing planar crossed linear echelon 
surfaces; 

30 Figure 2 is a concentrator utilizing curved 
crossed linear echelon surfaces of the present 
invention; 

Rgure 3 is a schematic ray trace of the first 
linear echelon surface; 
35 Figure 4 is a schematic ray trace of the 
second linear echelon surface; 

Figure 5 is an exemplary graph showing the 
angle of orientation of each indlvduai linear 
echelon element for botii the first and second 
^ linear echelon surfiaces; 

Figure 6 is a graph illustrating the fractional 
energy distribution of an exemplary con- 
centrator utilizing a planar crossed linear 
echelon surface configuration; 
45 Rgure 7 is a graph illustrating the fractional 
energy distribution for an exemplary concen- 
trator of the present Invention using a full non- 
equivalent echelon element profile; 

Figure 8 is a graph Illustrating the fractional 
so energy distribution of an exemplary concentra- 
tor of the present invention utilizing a half equi- 
valent linear echelon element profile; 

Figure 9 Is a graph illustrating the fractional 
energy distribution of an exemplary concen- 
55 trator of the present invention utilizing a foil 
equh^alent linear echelon element profile, and 
an aspheric cross section; and 

Rgure 10 is an isometric view of a con- 
centrator of the present invention having the 
so first and second linear echelon surfaces on 
opposite sides of a single sheet 

Detailed description 

The radiation concentrator of the present 
55 invention Is particulariy useful for concentrat- 
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ing solar radiation. Solar radiation, due to Its 
origin an extreme distance from the position of 
the radiation concentrator is nearly parallel at 
the radiation concentrator. That is, every ray of 
solar radiation is parallel to every other ray of s 
solar radiation. While the concentrator of the 
present invention may be utilized to con-^ 
centrate radiation from other sources, it is 
primarily useful where that radiation is also 
parallel or nearly parallel. Thus, throughout the w 
following description, it will be assumed that all 
radiation being concentrated Is parallel. 

Rgure 1 illustrates a prior art concentrator 8 
having a focal distance 10 and having a first 
linear echelon surfece 12 crossed at approxi- fs 
mately 90** with a second linear echelon 
surfece 14. The individual linear echelon ele- 
ments 16 of the linear echelon surface 12 are 
formed on the underside of linear echelon 
surface 12. The individual linear echelon ele> 20 
ments 18 are formed on the upper surface of 
linear echelon surface 14. Concentrator 8 
attempts to focus all incident radiation to point 
focus 20. A line drawn parallel to the incident 
radiation from point focus 20, the optic axis, ^ 
Intersects first and second linear echelon 
surfaces 12 and 1 4 at center point 22. Line 24 
is drawn orthogonal to the axis, i.e. parallel to 
the individual linear echelon elements 16, of 
first linear echelon surface 12 through center 30 
point 22. Similariy, line 26 Is drawn orthogonal 
to the axis, i.e. parallel to the individual linear 
echelon elements 18, of second linear echelon 
surface 14 also intersecting point 22. Lines 24 
and 26 comprise the orthogonal meridians of 3S 
the concentrator 8. With the proper selection of 
the angle of the individual linear echelon ele- 
ments 1 6 and 1 8, radiation incident along lines 
24 and 26 can be made to intersect at point 
focus 20* This Is illustrated by radiation ray 28 40 
incident at one side of the concentrator 8 along 
line 24. Ray 28 is refracted by one of the indivi- 
dual linear echelon elements 1 6 and one of the 
linear echelon elements 18 to point focus 20. 
Similariy, radiation ray 30 Is also refracted to 
point focus 20. However, radiation rays which 
are not Incident along lines 24 and 26 will not 
be focussed exactly to point focus 20. The 
deviation from the point focus 20 will vary 
depending upon the position from which the ray so 
is incident on the concentrator 8 and will be at a 
maximum for radiation incident at a comer of 
the concentrator 8. This is illustrated by radia- 
tion ray 32 incident on the concentrator 8 at 
corner 34. Ray 32 instead of being refracted to ss 
point focus 20 is instead refracted to an area 
sun-ounding point focus 20 at the focal distance 
1 0 shown by circle 36. This deviation due to the 
lack of rotational focusing symmetry is known 
as crossed-cyllnder aberration. This focusing 60 
aberration focusing incident radiation at points 
around point focus 20 Into the area enclosed by 
circle 36 limits the theoretical geometric con- 
centration ratio attainable for concentrator 8 to 
less than 100. es 



The concentrator 38 of the present inven- 
tion is illustrated in Rgure 2. Concentrator 38, 
like the concentrator 8 in Rgure 1 has a point 
focus 20 at a focal distance 10 and has a flist 
linear echelon surges 40 and a second linear 
echelon surface 42. Also, similariy, linear 
echelon surface 40 has on its lower surface a 
plurality of individual linear echelon elements 
44 and linear echelon surirace 42 has on its 
upper surface a plurality of linear echelon ele- 
ments 46. Line 48 is fbnned on linear echelon 
surface 40 by drawing a line orthogonal to the 
axis, i.e. parallel to the individual linear echelon 
elements 44, of linear echelon surface 40 which 
intersects the center point 22. Similariy, line 50 
Is drawn orthogonal to the axis, i.e. parallel to 
individual linear echelon elements 46, of linear 
echelon surface 42 and also intersects center 
point 22. 

However, the concentrator 38 of Rgure 2 
differs greatly from the concentrator 8 in Rgure 
1 in that the linear echeton surfaces 40 and 42 
are not planar. Instead, the linear echelon sur- 
faces 40 and 42 are curved In two dimensions 
around line 50 to form a segment of a cylin- 
drical shape. This curvature has a radius of 
curvature 52. It has been found that the 
optimum radius of curvature 52 is that where 
the radius of curvature 52 equals or approxi- 
mates the focal distance 10. Notice that in this 
curved configuration line 48 is now a curved 
line segment While line 50 remains linear since 
the curvature has been done around line 50. 

The individual linear echelon elements 44 
and 46 may be constructed such that radiation 
incident along lines 48 and 50 are refracted to 
converge to point focus 20. This may be done, 
of course, as In Figure 1 where radiation 
incident along lines 24 and 26 are refracted to 
converge at point focus 20. This is illustrated by 
radiation ray 54 incident at one side of line 48 
which is refracted to point focus 20. Similariy 
radiation ray 56 incident at one edge of line 50 
is also refracted to point focus 20. What is sur- 
prising is that radiation incident at all other 
points on the surfece of the concentrator 38 are 
also converged to point focus 20. This can be 
Illustrated by the radiation ray 58 which is 
Incident at the comer of concentrator 38. Since 
ray 58 is incident at the comer it could be 
expected to have the maximum deviation from 
point focus 20. It could also be expected to be 
the ray which wouki be the most out of focus if 
there were ona In fact ray 58, Inddent at comer 
60, is refracted by one of the individual Gnear 
echelon elements 44 and one of the Indtvklual 
linear echeton elements 46 to point focus 20. In 
fact, it can be shown that all rays incident on 
the surface of the concentrator 38 are re- 
fracted to converge to point focus 20. It is 
unique that there is one radius of curvature 52 
for which this characteristic Is true. That one 
radius of curvature 52 is where the radius of 
curvature 52 is approximately equal to the focal 
distance 10. When rays 54, 56 and 58 are 
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closely converged to point focus 20, then all 
rays incident on the concentrator 38 are closely 
converged to point focus 20. The cyiindrlcal 
curvature of linear echelon surfaces 40 and 42 
results in a significant increase In the theore- 
tical, achievable concentration ratio. The fact 
that a simple two dimensional curvature of the 
linear echelon surfaces 40 and 42 is sufficient 
to bring all rays incident on the concentrator 38 
in close proximity to point focus 20 enables a 
much greatly simplified formation of a large 
area, high power radiation concentrator. 

Figure 3 shows a schematic ray trace for a 
single echelon element 44 of the first linear 
echelon surfece 40. The cross section is taken 
In the XZ plane of the coordinate system lllus^ 
trated in Rgure 2. The top surface of the linear 
echelon surges 40 is a curved line segment 
Radiation ray 62 is incident at point 64 on the 
top surface of the linear echelon surface 40. At 
point 64, the top surface of the linear echelon 
surface 40 has an angle ^| with respect to the 
XZ plane. Ray 62 is refracted at point 64 where 
the ray enters linear echelon surface 40 at an 
angle of refraction ^| and is refracted again at 
point 66 where ray 62 leaves the linear echelon 
surface 40 at individual linear echelon element 
44. Linear echelon element 44 has an angle | 
with respect to the top surface of the linear 
echelon surface 40. Ray 62 leaves linear 
echelon element 44 at an angle ft with respect 
to a line drawn parallel to the incident radia- 
tion. Echelon width 68 represents the width of 
the individual linear echelon element 44. The 
values of the angles of the individual linear 
echelon elements 44 for the first linear echelon 
surface 40 which would by themselves 
converge to a line drawn through the point' 
focus 20 along the Y axis are given by the equa- 
tion: 

SlN(^,)-ndXSIN(f(r-^1) 

ar=ARCTAN( 

ndXCOS()»r-^,)-COS(^,) 

Where n^ is the design refractive index of the 
material used for the linear echelon surface 40. 

Rgure 4 shows a schematic ray trace of a 
linear echelon element 46 of the linear echelon 
surface 42. The diagram In Figure 4 is a cross 
sectional view taken In the YZ plane of Rgure 2 
along line 50. Here ray 70 is inckient at point 
72 along the surface of linear echelon element 
46. The angle of the linear echelon element 46 
is ft. Since linear echelon surface 42 is not 
curved fn this cross section, the angle jS. is true 
with respect to the lower surface or linear 
echelon surface 42 and with respect to the Y 
axis. Ray 70 is refracted at point 72, is incident 
at the lower surface of linear echelon surface 
42 at angle and exits at angle 0^ Linear 
echelon element 46 has an element width 74. 
The values of the angle of each Individual linear 
echelon element 46 for the linear echelon 
surface 42 are given by the equation: 



sme\) 

&=;ARCSIN (n^xSIN (ARCTAN( ) 

n^OS(^,) 

5 The equation given for calculating the angle 
a^ for the angle of linear echelon element 44 
accounts for the curvature of the linear echelon 
surface 40. However the equation for ^, the 
angle of the individual linear echelon element 

to 46 of the linear echelon surface 42 neglects the 
curvature of linear echelon surface 42. Both 
equations^ for a, and neglect the interaction 
of the refraction, of one linear echelon surface 
on the other. 

fs The angles of .the individual, linear echelon 
elements 44 of the linear echelon surface 40 
and the Indivklual angles of the Individual linear 
echelon elements 46 of the linear echelon 
surface 42 may be obtained as follows. The 

20 equations for and )5| previously given are cal- 
culated and are used as Initial values for the 
angles of the echelon elements of the con-* 
centrator 38. Skew or three dimensional ray 
traces are then made for all rays incident along 

25 lines 48 and 50 of the concentrator 38 in Rgure 
2 and the angles and ^| are acQusted until all 
rays incident are converged to point focus 20. 
The skew ray traces account for the curvature of 
both linear echelon surfaces (40 and 42) and 

30 the interaction between the linear echelon sur- 
faces (40 and 42); When all rays incident along 
lines 48 and 50 converge at point focus 20 the 
design is fixed and all normal radiation incident 
on the concentrator 38 will closely converge at 

35 point focus 20. In general, or, and fi^ are not 
equal for a given distance from center point 22. 
For a given distance from center point 22 the 
angle of the linear echelon elenrients 44 are not 
equal to the angle of the linear echelon element 

40 46. That Is, they do not have full equivalent 
profiles. 

To illustrate the angles of the individual 
linear echelon elements 44 and 46, and to illus- 
trate the effectiveness of the concent-ator 38, a 

45 specific design example will be utilized. The 
exemplary concentrator 38 has a size of 12 
units of arc width by a length of 12 units of 
linear length. The concentrator 38 also has a 
focal distance of 12 units and a radius of cur- 

^ vature of 12 units. The material utilized for the 
linear echelon surfeces 40 and 42 is acrylic 
plastic with a design refractive index, n^ of 
1.491. Other optical materials could also be 
used. The thickness of the linear echelon sur- 
faces 40 and 42 are 0.002 units and the 
element width 68 and 74 is 0.0005 units. 

Utilizing this design example, Figure 5 illus- 
trates in graphical format the particular angle, 
a. and of the individual linear echelon 
elements 44 and 46, respectively. The vertical 
axis of the graph of Figure 5 is dimensional in 
degrees and the horizontal axis is dimensioned 
in a fractional coordinate p. p is measured along 
the diagonal from center point 22, where p=0 
to the comer of the concentrator 38, where 
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As can be seen In the graph of Rgure 5, 
the angular difference between or, and ^ is only 
0.071 degrees where p=0.25 and only 0.501 
degrees where p^5. Larger differences In the 
angle between a, and ^, do not show up until s 
p=JB where the difference Is 1.395 degrees 
and the ultimate difference where 0=1.0 is 
2.664 degrees. Thus, it can be seen that while 
the values of and j3| are not equivalent the 
difference in the angles is small throughout a to 
substantial portion of the fractional coordinate 
and where p^^/2 it has been shown that the 
difference is only 1/2 of a degree. The angles of 
a, and j9, for other design examples may be 
readily constructed from the equations and rs 
methods provided. 

Using the design example. Figure 6 illus- 
trates the fractional energy distribution of the 
concentrator 8 of Rgure 1 utilizing the width 
and length and focal distance of the design 20 
example. The vertical axis represents the frac- 
tional energy incident and the horizontal axis 
represents the radius from the point focus 20. It 
can be seen in Figure 6 that the 95% energy 
containment radius, F^g, is approximately 1.1 25 
units. 

The efficiency of the concentrator 38 of the 
present invention can be illustrated by the frac* 
tionai energy distribution graph of Rgure 7. 
Figure 7 represents the fractional energy 3o 
distribution for the concentrator 38 of Rgure 2 
utilizing the Figures of the design example. It 
can be seen that the 95% energy containment 
radius, R35 is approximately 0.01 units. This is 
contrasted with the Rg^ value for the planar con- 35 
figuration shown in Figure 6 of approximately 
1.1 units. This is an improvement in efficiency 
of the concentrator 38 of Figure 2 of two orders 
of magnitude. The theoretical geometric con- 
centration ratio utilizing an Rg. value of .01 Is ^0 
approximately 450,000. This is contrasted to 
the theoretical geometric concentration ratio for 
the planar configuration utilizing the i^ value 
of 1.1 of less than 100. Again, this is a dif- 
ference of several orders of magnitude. 45 
Although It Is realized that chromatic dis- 
persion, solar collimation, traclcing and slope 
errors may reduce this theoretical geometric 
concentration ratio, it is necessary that the 
theoretical geometric concentration ratio be as so 
large as possible in order that a high energy 
concentration can be achieved. Of course, the 
theoretical F^g value obtainable is limited due to 
the width 68 and 74 of the linear echelon 
elements 44 and 46. That is, it is impossible to 56 
achieve a focusing accuracy having a radius of 
less than 1/2 the width 68 and 74, since all rays 
incident on a single echelon element will be re- 
fracted In parallel and cannot be further con- 
verged. 60 

As has been shown in Figure 5, the dif- 
ference in the values of or, and j3| is only about 
1/2 degree up to the value p, the fractional 
coordinate, of 0.5. When a large concentrator is 
constructed using the matrix sectioning tech- 



nlque, considerable savings may be utilized by 
cutting identical linear echelon surfaces 40 and 
42 where p Is less than 0.5 identical, eliminat- 
ing the differences in the angles a, and ^; while 
retaining non-equivalent linear echelon surfaces 
40 and 42 for those positions in the matrix 
where p exceeds 0.5. This is known as a partial 
equivalent profile. Where p=C,S for the divid- 
ing line, a half equivalent profile Is defined 
Such a half equivalent profile reduces the 
number of master cuttings required, and hence, 
the cost and complexity of the concentrator 38. 
The fractional energy distribution of a half equi- 
valent profile concentrator is illustrated in 
graphical form in Figure 8. The FLg energy con- 
tainment radius has expandecf to approxi- 
mately 0.027 units or approximately 2.5 times 
the Rgg for the non equivalent profile system of 
Figure 7, but note that this is still much, much 
less than the Rgg value of 1.1 units for the 
planar configuration of Figure 6. 

Figure 9 illustrates the fractional energy 
distribution of a full equivalent profile. That is, a 
profile where the linear echelon surfaces 40 and 
42 are made identical and and ^ equal each 
other over the entire range of p from 0 to 1. In 
order to Improve convergence to the point focus 
20 for the foil equivalent profile, the cross sec- 
tion of concentrator 38 has been reshaped into 
an asperic two dimensional form. The cross 
section of the curvature of the concentrator 38 
may be given by the equation: 



l+VMK+DC^Xi 

where C is the vertex cun/ature and K is the 
conic constant. Where K is zero the cross sec- 
tion is circular. Where K is less than —1, the 
cross section is hyperbolic. Where K is greater 
than —1 but less than 0, the cross section is an 
oblate ellipse. Where K is equal to -1 , the cross 
section is parabolic and where K is greater than 
zero, the cross section is a prolate ellipse. For 
purposes of the foil equivalent profile, a K of — 3 
has been chosen. The resulting fractional 
energy distribution is illustrated in Rgure 9. The 
resulting Rgg value of 0.14 units is about 14 
times the value for the full non-equivalent 
profile system; however. It is significantly less 
than the planar system. 

In general, the value of the 95% energy con- 
tainment radius decreases as the amount of 
echelon element profile equivalence increases, 
i.e. decreases with the amount of equivalence 
between oj and j3p This is true even where the 
cross section is aspherized with a K value other 
than 0, e.g. -3. Depending upon the efficiency 
requirements of the concentrator, different 
equivalent echelon element profiles could be 
used. For example, either full non-equivalent 
profiles, partial equivalent profiles such as half 
equivalent profiles, or full equivalent echelon 
element profiles could be used. Aspherizatlon of 
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the cross section could be applied to any of 
these configurations although the K value of ^ 
was specifically used for the full equivalent 
profile in order to improve the point focus 20. 

In one embodiment of the present invention 
illustrated in Rgure 10, a concentrator accord- 
ing to the present Invention is constructed using 
a first linear echelon surface 76 having linear 
echelon elements 80 on the upper surface and 
having a second linear echelon surface 78 
having linear echelon elements 82 on the lower 
surface of a single sheet of, for example, acrylic 
plastic. The concentrator again has a point 
focus 20 at a focal distance 10 and has a radius 
of curvature 52 approximately equal to the focal 
distance 10. As in Figure 2, the concentrator 
has a center point 22 through which curve tine 
segment 48 and straight line 50 intersect. 
Radiation incident along lines 48 and 50 can be 
made to converge to point focus 20 by the 
proper selection of linear echelon elements 80 
and 82. Thus, radiation ray 54 incident at the 
edge of line 48 and radiation ray 56 incident at 
the edge of line 50 both converge to point focus 
20. Similarly, the radiation rays 84 and 86 
incident at the comers of the concentrator are 
also refracted to converge at the point focus 20. 
A similar analysis used to describe Figure 2 also 
applies in Figure 10. 

Thus, It can be seen that there has been 
shown and described a novel point focus radia- 
tion concentrator. It is to be understood, how- 
ever, that various changes, modificatFons and 
substitutions In the form of the details of the 
described concentrator can be made by those 
skilled In the art without departing from the^ 
scope of the invention as defined by the follow- 
ing dalms. 

Claims 

1. A point focus radiation concentrator 
having a focal distance (10) and having two 
linear echelon surfaces (40 and 42) crossed at 
approximately 90**; characterized In that said 
two linear echelon surfaces (40 and 42) have a 
generally cyllndricai shape with a radius of 
curvature approximately equal to said focal 
distance. 

2. A concentrator as in Claim 1, charac- 
terized in that a cross-section of said cylindrical 
shape is circular. 

3. A concentrator according to Claim 1, 
characterized in that a cross-section of said two 
linear echelon surfaces (40 and 42) is aspheric. 

4. A concentrator according to any one of 
Claims 1 to 3, characterized in that said two 
linear echelon surfaces (40 and 42) each have a 
plurality of linear echelon elements (44 and 46) 
and in that said two linear echelon surfaces (40 
and 42) are formed on separate sheets with 
said linear echelon elements (44 and 46) of said 
two linear echelon surfaces (40 and 42) facing 
each other. 

5. A concentrator according to any one of 



Claims 1 to 3, characteraed in that said two 
linear echelon surfaces (40 and 42) each have a 
plurality of linear echelon elements (44 and 46) 
and in that said linear echelon elements (44 and 
5 46) of said two linear echelon surfaces (40 and 
42) are fbnmed on opposite sides of a single 
sheet. 

6. A concentrator as in Claim 1, charac- 
terized in that said two linear echelon surfaces 

to (40 and 42) each have a plurality of linear 
echelon elements (44 and 46) and in that the 
angle of the orientation of each of said plurality 
of linear echelon elements (44) of one of said 
two linear echelon surfaces (40) is indepen- 

16 dent of the angle of the orientation of the 
corresponding linear echelon element of said 
plurality of linear echelon elements (46) of the 
other of said two linear echelon surfaces (42). 

7. A concentrator as in Qalm 1, charac- 
20 terlzed in that said two linear echelon surfaces 

(40 and 42) each have a pturalty of linear 
echelon elements (44 and 46) and In that the 
angle of the orientation of each of said plurality 
of linear echelon elements (44) of one linear 

25 echelon surface (40) is equal to the angle of 
orientation of the corresponding linear echelon 
element (46) of said plurality of linear echelon 
elements (46) of the other linear echelon 
surface (42) over a portion of distance away 

30 from said center point toward the edge of said 
concentrator. 

8. A concentrator as In Claim 1, charac- 
terized in that said two linear echelon surfaces 
(40 and 42) each have a plurality of linear 

35 echelon elements (44 and 46) and in that the 
angle of the orientation of each of said plurality 
of linear echelon elements (44) of one of said 
two linear echelon surfaces (40) Is equal to the 
angle or orientation of the corresponding linear 

40 echelon element of said plurality of linear 
echelon elements (46) of the other of said two 
linear echelon surfaces (42). 

PatentansprQche 

45 

1. Konzentrator zum Konzentrieren von 
Strahlung in einem Brennpunkt mit einer Brenn- 
welte (10) und zwei linearen Stufengitter- 
fiachen (40 und 42), die einander unter etwa 

50 SQo kreuzen, dadurch gekennzeichnet, daB die 
beiden linearen StufengitterfiSchen (40 und 42) 
eine allgemein zyllndrische Fomn haben und Ihr 
KrQmmungsradius annahemd der genannten 
Brennweite entspricht 

55 2. Konzentrator nach Anspruch 1, dadurch 
gekennzeichnet da& die zylindrische Fbrm im 
Querschnitt kreisfomnig ist 

3. Konzentrator nach Anspruch 1, dadurch 
gekennzeichnet, da& die beiden linearen 

^ Stufangitterflachen (40 und 42) einen asphSr- 
rschen Querschnitt haben. 

4. Konzentrator nach einem der AnsprQche 1 
bis 3, dadurch gekennzeichnet, daS Jede der 
beiden linearen Stufengitterfiachen (40 und 42) 
eine f^ehnahi von linearen Stufengitter- 
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elementen (44 und 46) besitzt und daB die 
balden linearen Stufengitterflachen (40 und 42) 
auf vonelnander getrennten blattfdrmigen Ele- 
menten derart ausgebildet sind, da(i die 
linearen Stufengltterelemente (44 und 46) der 
befden linearen Stufengitterfiaclien (40 und 42) 
einander zugekehrt slnd. 

5. Konzentrator nach einem der AnsprQche 1 
bis 3, dadurch gekennzeichnet daft ]ede der 
beiden linearen StufengitterflSchen (40 und 42) 
eine Mehrzahl von linearen Stufengitterele- 
menten (44 und 46) besitzt und da(i die ge- 
nannten linearen Stufengltterelemente (44 und 
46) der beiden linearen Stufengitterflachen (40 
und 42) auf einander entgegengesetzten Selten 
eines einzlgen blattfSrmlgen Elements ausge- 
bildet slnd. 

6. Konzentrator nach Anspruch 1, dadurch 
gekennzeichnet^ daB jede der beiden linearen 
Stufengitterflachen (40 und 42) eine Mehrzahl. 
von linearen Stufengitterelementen (44 und 46) 
besitzt und dalS Jedes der linearen Stufengltter- 
elemente (44) der einen linearen Stufengitter- 
fiache (40) unter einem Wlnkel orlentfert tst der 
unabhingig Ist von dem Wlnkel, unter dem das 
entsprechende llneare Stufengltterelement (46) 
der anderen linearen Stufenglterfliche (42) 
orientiert tst 

7. Konzentrator nach Anspruch 1, dadurch 
gekennzelchnet daR jede der beiden linearen 
Stufengitterflachen (40 und 42) eine Mehrzahl 
von Stufengltterelemente (44 und 46) besitzt 
und dali In einem Tell des Abstandes des Mittel- 
punktes von dem Rand des Konzentrators Jede 
der linearen Stufengltterelemente (44) der 
einen linearen Stufengitterflache (40) unter 
demselben Wlnkel orientiert ist wie das ent- 
sprechende llneare Stufengltterelement (46) 
der anderen linearen Stufengitterflache (42). 

8. Konzentrator nach Anspruch 1, dadurch 
gekennzelchnet da& Jede der beiden linearen 
Stufengitterflachen (40 und 42) eine Mehrzahl 
von linearen Stufangitterelementen (44 und 46) 
besitzt und daS Jedes llneare Stufengltterele- 
ment (44) der einen linearen Stufengitterflache 
(40) unter demselben Wlnkel orientiert Ist wie 
das entsprechende llneare Stufengltterelement 
(46) der anderen linearen Stufengitterflache 
(42). 



Re¥endiGation8. 

1 . Concentrateur de radiation a foyer de can- 
trage, ayant una distance focale (10) et com- 
prenant deux surfaces (40 et 42) a acheions 
lindalres, crolsaes a 90<* environ, caractarlsa en 
ce que les deux surftices (40 et 42) a acheions 
llnaalres ont une forme sanslblement cylln- 
drique, avec un rayon de courbure a peu prds 
agale a ladite distance focale. 

2. Concentrateur suivant la revendlcation 1, 



caractarisa en ce qu'une section transversale de 
ladite forme cylindrique est circuiaire. 

3. Concentrateur suivant la revendlcation 1, 
caractarisa en ce qu'une section transversale 

5 des deux surfaces (40 et 42) d achelons lln^ 
aires est aspharique. 

4. Concentrateur suivant Tune quelconque 
des revendications 1 a 3, caractarlsa en ce que 
les deux surfaces (40 et 42) a achelons lln^ 

ro aires comportent chacune une pluralita 
d'achelons linaalres aiamentalres (44 et 46) et 
en ce que les deux surfaces (40 et 42) a 
achelons llnaalres sont pravues sur des feuilles 
saparaes, les achelons llnaalres aiamentalres 

fs (44 et 46) des deux surfaces (40 et 42) d 
achelons llnaalres se falsant face. 

5. Concentrateur suivant Tune quelconque 
des revendications 1 a 3, caractarlsa en ce que 
les deux surfeces (40 et 42) d achelons Ifna- 

20 aires comportent chacune une plurality 
d'achelons llnaalres diamentalres (44 et 46) et 
en ce que les achelons llnaalres aiamentalres 
(44 et 46) des deux surfaces (40 et 42) d 
achelons llnaalres sont pravues sur des faces 

25 opposaes d'une m§me feullle. 

6. Concentrateur suivant la revendlcation 1, 
caractarisa en ce que les deux surfaces (40 et 
42) a achelons llnaalres comportent chacune 
une pluralita d'achelons llnaalres aiamentalres 

30 (44 et 46) et en ce que I'angle d'orientation de 
cheque achelon de la pluralita d'achelons lina- 
aires aiamentalres (44) d'une des deux sur- 
faces (40) a achelons llnaalres est Indapendant 
de I'angle d'orientation de I'achelon linaaire aia- 

3S mentaire correspondent de la pluralit4 
d'achelons llnaalres aiamentalres 46 de I'autre 
des deux surfaces (42) d achelons llnaalres. 

7. Concentrateur suivant la revendlcation 1, 
caractarlsa en ce que les deux surfaces (40 et 

^ 42) a achelons linaalres comportent chacune 
une pluralita d'achelons linaalres aiamentalres 
(44 et 46) et en ce que Tangle d'orientation de 
cheque achelon de la pluralita d'achelons lina- 
alres aiamentalres (44) d'une surface (40) d 

45 achelons llnaalres est agal a I'angle d'orienta- 
tion de rachelon linaaire aiamentalre corres- 
pondent (46) de la pluralita d'achelons llna- 
alres aiamentalres (46) de Tautre surface (42) a 
achelons llnaalres sur une partie de la distance 

^ en partant au point central et en allant vers le 
bord du concentrateur. 

8. Concentrateur suivant la revendlcation 1, 
caractarisa en ce que les deux surfaces (40 et 
42) a achelons llnaalres comportent chacune 

S6 une pluralita d'achelons linaalres aiamentalres 
(44 et 46) et en ce que I'angle d'orientation de 
chaque achelon de la pluralita d'achelons lin^ 
aires aiamentalres (44) de I'une des deux sur- 
faces (40) a achelons linaalres est agal d Tangle 

^ d'orientation de Tachalon linaaire aiamentalre 
correspondent de la pluralita d'achelons lina- 
alres aiamentalres (46) de Tautre des deux sur- 
faces (42) a echelons llnaalres. 

65 



8 



0 0S1 932 



IZ 

L 




1 



0 051 932 




2 



0 051 932 



SOt- 



BCHELON 
(D£GRIES) 



40- 



30 



10 



/9< 



10 



I I I I I — I — I — I — I 

./ .2 .3 .4 .S A .7 M .9 1.0 
P' FRACTIONAL COORDINATE 



FRACTIONAL 
ENERCY 



O.Sr 



0.4 



0.3 




- .5 1.0 1.5 2.0 

tjLC^ 6 FOCAL SPOT RADIUS (UNITS) 



3 



0 051 932 



fRACTlONftL 
ENERGY 



Fic.7 



O.Sr- 



mCT/ONAL 
ENERCY 

0.3 



0.Z 



0.1 



0.5r 



DA 



0.5 



o.z 



0.1 



•yn n m i 



.00$ .01 .OlS .oz 
EOCflL SPOT RADIUS Ct^NlTS) 




rtcs 



,005 .010 .015 MO .015 .030 
FOCAL SPOT RADIUS {UNITS) 



4 



0 0S1 932 




5 



